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Abstract 

In every sphere of science, theories make predictions and experiments 
validate them. However, common experience suggests that theoretically 
predicted exact magnitude for a parameter, constitute a small subset of 
all the experimentally obtained magnitudes for that particular parameter. 
Typically, irrespective of the branch of science and the particular problem 
under consideration, the set of obtained experimental results form an in- 
terval [Xmin, Xmax], within which the theoretically predicted magnitude, 
say x, occurs with time, apparently randomly. We attempt here to find 
the characteristics of the statistical distribution of events of experimental 
observation of the occurrence of theoretically predicted x; in other words, 
characterization of the time interval when theoretical predictions match 
the experimental readings, exactly. 

Recording the readings from experimental apparatus is ubiquitous in every 
branch of science. While the theoretical studies help us to predict the ex- 
pected magnitude that any parameter should own, experiments verify whether 
the parameters actually assume the predicted magnitudes; and if they don't, 
by what margin do they differ from the theoretical idealizations. In some of 
these cases experiments are one-off in nature; whereas in many cases, we gather 
results from the apparatus in a sequential manner before studying the extent by 
which the mean and variance of the experimentally obtained data differs from 
the theoretical predictions (if they do, at all). In case of the later, we collect 
the results as a sequence of homogeneous events occurring one after another, 
which implies that the occurrence of results constitute a flow of events. There 
might or might not be a fixed time interval between the occurrences of these 
results. In the present work we attempt to understand the nature of the process 
of observing the occurrences of experimental results, for the general case where 
they occur without any fixed time interval between them. Since we know it 
from our experience that the precise magnitude of theoretically predicted re- 
sult (from a pool of results that differ from the exact expectation by arbitrarily 
small margin) shows up in the apparatus only now and then and not always; 
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attempts are made to characterize the time intervals between occurrences of 
results, when theoretical idealizations match absolutely with the experimental 
realities (referred to as 'events' from here onwards). 

It is not that attempts have not been made to tackle this problem. On the 
contrary, previous attempts to characterize this problem were many (and they 
form a spectrum of standpoints) ; but most of them were qualitative in nature 
and were only tangentially touching upon the mathematical description of the 
situation. For example, [1] talks about certain prevalent patterns in experi- 
mental observation in particular cases related to states in Alzheimer's disease 
whereas [2], [3] and [4] had attempted to understand the general philosophi- 
cal nature of the problem from various perspectives. Although [5 ] and [6] were 
objective and quantitative in their basic premise of description, the precise ques- 
tion that we are raising in this work was not addressed. Similarly, although the 
attempts of [7], [8] and [9] had touched upon the extent to which theoretical 
predictions matched experimental findings in various experimental cases, the 
statistical characterization of precise time-intervals between two events where 
theoretically predicted magnitude for a parameter matches exactly with exper- 
imentally obtained values, remained unanswered. 

Experience suggests that results are generally produced one at a time, for any 
arbitrarily small time interval, and not in a group of two, three per time inter- 
val; for most of the experiments across the spectrum of scientific streams. This 
implies that the probability of two or more events occurring in an elementary 
time interval At is negligibly small compared to the probability of single events 
occurring at different time intervals (arbitrarily chosen); and hence we conclude 
that the flow of events (when theoretically predicted result matches absolutely 
with experimentally obtained results) is ordinary [10]. We observe further that 
the probability characteristic describing the nature of occurrences of these re- 
sults do not depend upon the choice of some particular reference frame; i.e., the 
flow of events is stationary[ll]. Experience teaches us further that the number 
of events occurring on any particular time interval, say t\, does not, in general, 
depend upon number of events occurring on any other non-overlapping inter- 
val. These characteristics imply that the flow of events (occurrences of results 
in a sequential manner) can be represented as an stationary Poisson flow[12]. 
Alongside all of these, a closer look of the problem reveals that in most of the 
cases, the time intervals T\,T%, . . . between successive events are independent. 
We assume, with no loss of generality, that intervals between Ti,T2,... are 
similarly distributed random variables. Aforementioned observations and the 
assumptions tend to suggest that flow of occurrences of results when theoretical 
prediction matches experimentally obtained results absolutely, can be catego- 
rized as a 'recurrent flow' with limited after-effects [13] (in other words, a 'Palm 
flow'). [14] 
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We now attempt to describe an extremely familiar situation when an exper- 
imentalist is taking the readings to verify his/her prediction (from theoretical 
studies) about what to expect in terms of exact magnitude of some parameter. 
In many of the situations like this, the desired events of occurrence of predicted 
magnitude occurs, but only as an element of a set of produced results, where 
most of the elements of the set differ from the expected magnitude by a little. 
Any experimentalist, from any branch of science, is aware of such a situation; 
but knowledge of any pattern in the occurrences of aforementioned desired re- 
sults, eludes the students of science. 

To describe the situation, we start by assuming that the occurrences of the 
theoretically predicted result constitute a 'recurrent flow' on the time axis and 
the intervals between any two occurrences of them, follow a distribution with 
density f(t). The assumption that the pattern of output generation can be 
described by f(t) is not unrealistic; because, results occur as an output of a 
definite, deterministic process (carefully planned experiment, in any branch of 
science). 

We denote the exact moments of occurrence of the events of absolute match 
between theoretically predicted results and experimentally found ones, by r. 
We seek to find the distribution density of f T (r) of the interval T T , where the 
points in the time axis r occur. This implies, calculation of probability where 
f T (t) dt equals that of r's occurrence between length of time interval (t, t + At). 
Assuming the presence of very large number of intervals (N) between the events 
constituting the entire temporal extent of the experiment T; we find that the 
average number of intervals with length in the range (t, t + At) is Nf(t)dt; 
whereas the average total length of all such intervals equals tNf(t)dt. The av- 
erage total length of all the N intervals on T can be represented as Nx t , where 
Xt denotes the expectation E [T] = J °° tf(t)dt. Hence : 



The approximation in eq n l becomes more exact when longer interval of time 
T is considered (larger N). Distribution of the random variable T T can then be 
found by evaluating the limit, 



f T (r)dt 



tNf(t)dt _ tf(t) 



dt 



(1) 



Nx t x t 



r (r) = -/(t) (t>0). 



(2) 




(3) 




t 3 f(t)dt-(E [T T ]f 



(4) 
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However, from an experimentalist's point of view, it would be more useful to 
know the characteristics of the case where any time interval T T is divided in two 
intervals I\ and I2 , by the occurrence of the events when theoretically predicted 
magnitude for some parameter matches with the experimental findings, at a 
random instance r. Here 1\ is defined by nearest previous event to r and I2 is 
defined by the occurrence of r to the nearest successive event. Characterization 
of such a case will be of immense practical help to the experimentalists. 

We approach the situation by assuming T T = 6. By introducing a density 
fi 1 (t\0) that describes the conditional probability of the interval I\ in the pres- 
ence of 6. We observe that occurrence of the event of exact match between from 
theoretical prediction and experimentally obtained result, is random in time; 
and hence we can consider its having a uniform distribution in the interval 9, 
given by : 

[f Il (t\0) = ^],yO<t<6 (5) 

However, to find the marginal distribution fi 1 (t), we average the density (eq™-5) 
considering, the weight f T (t). Applying eq™-2, we obtain : 

f T (0) = ij (0) and f h (t) = J °° f] 1 (t\9) f (0) d6 

But, since fi 1 (t\6) is nonzero only for 6 > t, we can write 

fi, it) = -E-f {0) d6 = - / f(t)dt = - [1 - * (*)] (6) 
Jt " x t x t Jt x t 

where <I> (t) is the distribution function of the interval t between the events in 
the 'recurrent flow'. 

It is evident that I2 (I2 = T T — h), will have the identical distribution : 

// a (*) = ^- [!-*(*)] (7) 

Conclusion : 

With the help of this simple model a construct is proposed that could char- 
acterize the mathematical nature of distribution of instances when theoretical 
prediction about the magnitude of any parameter matches with the experimental 
results. This distribution is found to resemble the characteristics of a 'recurrent 
flow' with limited after-effects. Since the number of assumptions involved in 
constructing this model are kept at a minimal and the possible domain of appli- 
cability of the aforementioned finding encompasses the entire gamut of scientific 
paradigms (wherever the magnitude of any theoretically predicted parameter is 
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compared with mean and variance of the experimentally obtained results) , the 
model will hopefully serve students of science, across the barriers of scientific 
streams. 
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